Since the spin-density wave1*' (SDW) of Cr alloys is produced by the Coulomb attraction between electrons and holes on almost perfectly nested Fenni surfaces, the wavevector and amplitude of the SDW can be controlled by changing the relative sizes of those Fermi surfaces with doping. For pure Cr,3 the SDW is incommensurate (I) with the bcc lattice and the paramagnetic (P) to I phase transition at 310 K is weakly first order. When the electron Fermi surface is sufficiently close in size' to the hole Fermi surface, the SDW becomes commensurate (C) with the lattice. In the simplest model of Cr alloys, dopants affect the nesting free energy solely by altering the mismatch between the Fermi surfaces. But it is well-known3 that different dopants have dramatically different effects on the magnetic ordering and phase boundaries of Cr alloys. Whereas the PC transition in other alloys is second order, the PC transition is strongly first order in CrFe and CrSi alloys. While a second-order CI phase boundary falls to the C side of the triple point for CrMn, CrRe, and CrRu alloys, a first-order CI boundary falls to the I side for CrFe alloys. This diversity has puzzled theorists and delighted experimentalists for man>-years. Here, we argue that the magnetic phase diagrams of all dilute Cr alloys can be qualitatively explained by a simple model with a coupled chargedensity wave (CDW) and a finite reservoir of electrons. However, its effect on the phase diagram was never considered.
The SDW consists of spin-triplet electron-hole pairs formed by the Coulomb attraction U > 0 between electrons and holes on Fermi surfaces a and b. To minimize the condensation free energy' on both sides of the two Fermi surfaces, the ordering wavevectors Qk of the SDW lie closer to G/2 than the nesting wavevectors Q* = (G/2)(1 k a). Besides the nesting electron jack and hole octahedron centered at the I? and H points in reciprocal space, the band s t r~c t u r e '~ of Cr alloys also contains electron balls midway between the r and H points and hole pockets at the N points. These other bands may be lumped together into an electron reser~oir'~.'~ with density-of-states pr. If the density-ofstates of the a and b bands is P e h , then the power of the reservoir is defined by p = Pr/Peh.
Below T', the SDW removes electrons from the a and b Fermi surfaces. So for a b i t e reservoir with p < 00, the chemical potential will decrease and the wavevector mismatch Our results for a,n infinite reservoir are presented in Fig.1 , Surprisingly, the PI transition is always second order. By equating the SDW ordering and nesting wavevectors (equident to setting 8 = a), Young and Sokolof€'* obtained a first-order PI transition above a threshold value of A'. However, when the free energy AF(p, 2 ' ) is minimized with respect to 8. the I solutions near the first-order phase boundary are always unstable. Instead, a nonzero CDW drives a first-order PC transition and pushes the triple point towards higher values of a. As A' -+ 1/2, the CDW becomes unstable and the I phase disappears. For A' > 1/2, the free energy is minimized when 6 = -00 and no physical solutions exist.
A natural consequence of this model is the discontinuity at the triple point in the derivative of the N6el temperature with respect to either the energy mismatch zofz) or the dopant concentration x. While this discontinuity has been observed in all Crl-,A, alloys with a triple point,3 it has never been previously explained.
The normalized and dimensionless latent heat L' = L/&hT;' of the first-order PC transition is plotted in the inset of Fig The inset to Fig.2 shows that the latent heat of the first-order PC or PI phase transition is suppressed as the reservoir power decreases. So the estimates given above for A' and eo in CrFe alloys are only lower bounds.
At least qualitatively, the C and I phase boundaries of all dilute Cr alloys can be explained by the dependences of the reservoir power p and the coupling A' on the impurity concentration z. While the originally proposed model12 for the weak first-order PI transi-tion in pure Cr was flawed, our slightly more complex model with a finite reservoir produces The model presented in this paper is certainly not complete. Impurity scattering22 must be included to explain the linear decrease3 of the NCel temperature with the V concentration.
Spin-orbit coupling is needed to explain the presence3 of both transversely (mLQi, T > 120 K) and longitudinally (mllQi, T < 120 K) polarized phases in pure Cr. But 
